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In conducting the research described In thts report, the
investigators adhered to the "Guide for Laboratory Animal
Facilities and Care," as promulgated by the Committee on
the Guide for Laboratory Animal Factlititis and Care of the
Institute of Laboratory Animal Resources, National Academy
of Sciences-National Research Council.
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A UNIQUE DEFENSE MECHANISM AGAINST ANTHRAX
DEMONSTRATED TN DWARF SWINE

ABSTRACT

A unique defense mechanism against Eacillue anthracis
was demonstrated by the Pitman-Moore variety of dwarf
swine. A large percentage of spores failed to germinate
in vivo when massive doses were administered via either
the respiratcry or intraperitoneal route. Only sporej
with no apparent outgrowth of vegetative cells could be
cultured from the blood. Therefore the "defense mecha-
nisn' enables the swine to prevent germination and out-
growth of B. anthracis spores in vivo.

In order to better understand the response of various animal species
to infection with Bacillus anthracis, both susceptible and resistatt
species were studied. On the basis of reports in the literature"P2

miniature swine* were tested as one of the resistant species. Our
report is restricted to this species. The dwarf or miniature swine of
the Gulf region are believed to have originated from eight swine impoted
by CAumbus in 1493 to the Spanish Indies. 3  Since that time they ha
flourished in the swamps of the Gulf region, where they are called ":

or "woods" hogs.

Seventeen swine were challenged via the respiratory route in a 163-
liter aerosol chamber. 4 An aerosol with a particle diameter of 4.5 microns
was generated with a Vaponefrin standard nebulizer.** Washed dormant spores
of the Vollum Vlb strain were used.5 DTelve swine were sacrificed at
planned intervals (Table 1). The remaining five swine, which had received
inhalation doses of 10e to 107 spores, were observed for 30 days. They
were rechallenged intraperitoneally (IP) with 1 x 10ic spores on the 10th
day and with 2 x 1011 spores on the 12th day.

* Pitman-Moore Co., Zionsville, Indiana.

•* Vaponefrin Co., Portland, Oregon.
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The blood of the ftvt oiitio was poaiativ• `olr bp¢,reA 1(, dft;ermine• Oy
heat resistance) at the level of 1(?0 to ZOO sporcs pr MI rat 132 hzurw,
Blood cultures were positive for spore.s obtinedA trosa' o-ae or mo'eý. of ýtheue
swine at different time periods up to 132 hour6, 5t they were all nU ativ%
after 132 hours. Vegetative celis were not due\ctcd in Any case. AIl
swine sarrvived challenge, ever those receiving three challenge duseO4, the
last one of 2 x l131 spores.

Tissue homogenates of the lungs, spleen, and suprahItaryiseal, tbronchial,
and cervical lymph nodes were weighed, homogenized in a Servall miltim c
blender, diluted, and plated on tryptose glucose agar. Numbers of viable
organisms per gram of tissue and percentage of spores (heat-resistant) are
given in Table I. A higher percentage than expected of the total organisms
in the tissues were spores; vegetative cells were not detected in the blood.
The failure of spores to germinate was also shown by Rosenwald, Jones, and
Lincoln.* They found that only 33% of the spores germinated in blood
leukocytes of 40-to 50-lb. Duroc swine during in vitro tests through 120
minutes. The large percentage of spores that failed to germinate with
subsequent outgrowth contrasted with observations in other resistant and
susceptible species, 6 although F. Klein (unreported data) observed spores
in the blood of NIH black Tats for 30 days following IP challenge with
107 spores.

The inability to demonstrate vegetative cells in the blood of swine
even after massive IP doses of spores suggests that swine, particularly
dwarf swine, must have an unusual and effective "defensive mechanism"
against B. anthracis. This observation on the blood was supported by
(i) the large percentage of spores still not germinated in the organs
tested even 24 hours after challenge, and (ii) the complete clearance of
the lymph nodes and spleen after 48 hours. With the exception of the
resistant rat, failure of spores to germinate was in contrast to germina-
tion in other species studied in our laboratory.

The results of our studies suggest that the natural environment and
inbreeding have produced an unusually resistant variety of swine. The
dwarf swine have demonstrated the domestic swine's mode of innate re-Ast-
ance to anthrax: that of preventing spore germinadion or outgrowth. The
"defensive mechanism" possessed by swine that enables them to counteract
the organism at this stage of infection is unknown. These results also
indicate that breed and/or "line" susceptibility of swine should be
investigated. Most likely, varied degrees of resistance exist among breeds
as noted in other animal species. 7

* Unpublished data.
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A unique defen-se mechanismr against Bacillus anthrasis was demonstrated
~ ~the Pitman Mooe variety of dwarf swine. A large perc,-.ntage of sporesIa fIled to germi~nate in vivo when massive doses were admirni3tezred via eit'her
-he respiratory or -intraperitoneal route. Only spores with no apparent1
outgro-tn of vegetative cells could be cultured from the blood. Therefcre
the "defense mechaanism" enables the swine to prevent qerminiation. a.,d out-
grawth of B. anthraci-s spores in vivo.
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